IMPORTANCE Adults with eczema have multiple risk factors for accidental injury. However, little is known about the risk of injury in adult patients with eczema.
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In particular, the risk of bone fracture and other injury causing limitation in adults with eczema has been largely unexplored. Fractures are a source of tremendous public health burden 17 and are projected to increase dramatically during the next few decades given increases in the elderly population. 18, 19 Patients with eczema may be at risk of fracture given their use of systemic corticosteroids, which may decrease bone mineral density (BMD). In addition, the chronic inflammation associated with eczema may predispose toward bone loss, as described in patients with rheumatoid arthritis and inflammatory bowel disease. 20, 21 A 2009 study 22 found low BMD in approximately one-third of patients with moderate to severe atopic dermatitis (AD). Therefore, studies describing the prevalence of fracture among adults with eczema are needed. We hypothesized that adults with eczema have higher odds of fracture and other injury. Furthermore, adults with eczema may be more prone to certain causes of injury, such as motor vehicle crashes or falls. In the present study, we assessed the burden of fracture and other types of injury causing limitation in adults with eczema.
Methods
This study was approved by the institutional review board at Northwestern University. We used the 2012 National Health Interview Survey, which is collected by the National Center for Health Statistics and is the principal source of information on the health of the civilian noninstitutionalized population of the United States. Waiver of informed consent was obtained by the National Center for Health Statistics because the survey posed minimal risk and respondents were not identifiable by the recorded data. The survey included a separate core module with questions to estimate the prevalence of various health issues among adults. The survey was administered in person to selected households by approximately 400 trained interviewers of the US Census Bureau using computer-assisted personal interviewing in English and Spanish. Subsequently, 1 adult per household was randomly selected for the sample adult questionnaire. Using data from the US Census Bureau, weights were adjusted for age, sex, race/ethnicity, household size, and educational attainment of the most educated household member to provide a data set that was more representative of each state's population of noninstitutionalized adults older than 17 years. Questions used in this study are presented in the eMethods in the Supplement. All data processing and statistical analyses were performed with a software program (SAS, version 9.4; SAS Institute Inc). Bivariate and multivariable analyses of survey responses were performed with SURVEY procedures. Bivariate associations between eczema or injury causing limitation and other sociodemographic variables (eg, age, sex, race/ ethnicity, or household income) were tested via logistic regression models. All other bivariate associations were tested using Rao-Scott χ 2 test. Significant predictors from bivariate analyses were included as covariates in multivariable logistic regression models. Adjusted odds ratios (aORs) and 95% CIs were determined. Complete data analysis was performed (ie, individuals with missing data were excluded). Only types of injury with at least 5 responses were statistically analyzed in models. Our a priori hypothesis was that adults with eczema and different combinations of fatigue or sleep symptoms might have an increased risk of injury compared with those with fatigue or sleep symptoms alone. Therefore, models were constructed that tested interaction terms between eczema and different combinations of fatigue and sleep symptoms. Twoway interaction terms between other covariates were also tested. Interactions were included in final models only in cases of P < .01 and modification of estimates greater than 20%. In models of binary outcomes with significant statistical interactions, we constructed generalized linear models using a logit link function in PROC GLIMMIX; aORs (95% CIs) were estimated for each combination of factors included in the interaction effects. The best model was selected using the Bayesian information criterion, which penalizes for extra parameters and takes into account the large sample size.
Results

Determinants of Eczema and Fracture and Bone or Joint Injury Causing Limitation
In total, 34 500 adults aged 18 to 85 years were included in the analysis. The US prevalence of self-reported eczema or skin allergy in the past 12 months among adults was 7.2% (95% CI, 6.9%-7.6%). The prevalence of eczema was significantly associated with female sex and post-high school education but inversely associated with African American race/ethnicity, Hispanic origin, household income of $75 000 to $99 999, families with children, either a single parent or both parents living in the household compared with those without children, birthplace outside the United States, and lack of health insurance coverage ( Table 1) . The prevalence of any injury causing limitation was 2.0% (95% CI, 1.9%-2.2%). A fracture and bone or joint injury (FBJI) causing limitation was reported by 1.5% (95% CI, 1.3%-1.7%), while 0.6% (95% CI, 0.5%-0.7%) reported having other types of injury causing limitation. The prevalence of FBJI causing limitation was significantly associated with increasing age and decreasing household income but inversely associated with Asian race/ethnicity, Hispanic origin, high school or General Education Development or post-high school education, families with Downloaded From: by a Non-Human Traffic (NHT) User on 11/27/2018 children, either a single parent or both parents living in the household compared with those without children, birthplace outside the United States, and lack of health insurance coverage.
Association Between Eczema and Injury
Adults with eczema had higher odds of any injury (odds ratio [OR], 1.99; 95% CI, 1.52-2.61; P < .001), including FBJI (OR, 2.27; 95% CI, 1.68-3.07; P < .001) and other injury (OR, 1.92; 95% CI, 1.19-3.07; P = .006) causing limitation, compared with adults without eczema. These associations remained significant in multivariable models that included age, sex, race/ethnicity, household income, family structure, highest level of household education, birthplace in the United States, and health insurance coverage ( Table 2 ). In addition, the associations between eczema and any injury (OR, 1.67; 95% CI, 1.24-2.25; P < .001), FBJI (OR, 1.90; 95% CI, 1.36-2.65; P < .001), and other injury types (OR, 1.74; 95% CI, 1.05-2.88; P = .03) remained significant in multivariable models controlling for asthma, hay fever, and food allergies.
In models controlling for psychiatric and behavioral disorders (PBDs), the associations remained significant for any injury (aOR, 1.44; 95% CI, 1.07-1.94; P = .02) and FBJI (aOR, 1.67; 95% CI, 1.21-2.33; P = .002).
Association Between Eczema and FBJI as Modified by Age
Because many injuries are age related, the prevalence of FBJI was examined separately for ages 18 to 29, 30 to 49, 50 to 69, and 70 years or older. Among adults without eczema, the prevalence of injuries increased gradually with age. However, among adults with eczema, the prevalence of injuries increased initially, peaked at ages 50 to 69 years, and then decreased substantially in the age group 70 years or older ( Figure) . Significant 2-way interactions were observed between eczema and age as predictors of FBJI. Generalized linear models with binary distributions were constructed that tested pairwise differences of rows from the coefficient matrix for each level of interaction. This approach allowed comparison of the effects of eczema vs no eczema on FBJI at each individual age group. Eczema was associated with significantly higher odds of FBJI at ages 30 to 49 years (aOR, 2.25; 95% CI, 1.35-3.78; P = .002), 50 to 69 years (aOR, 2.29; 95% CI, 1.68-3.14; P < .001), and 70 years or older (aOR, 1.66; 95% CI, 1.01-2.73; P = .045) but not at ages 18 to 29 years (aOR, 2.14; 95% CI, 0.74-6.20; P = .16). 12-4.49) (P < .001 for all) were significant predictors of any injury. However, significant 2-way interactions were observed between eczema and fatigue or sleep symptoms as predictors of FBJI. In models of interaction between eczema and fatigue, eczema alone was associated with FBJI (OR, 1.29; 95% CI, 1.12-1.50; P < .001), whereas fatigue without eczema was associated with higher odds of FBJI (OR, 1.93; 95% CI, 1.67-2.24; P < .001); those with both eczema and fatigue had higher odds of FBJI (OR, 2.61; 95% CI, 1.91-3.55; P < .001). Similar interactions were found between eczema and daytime sleepiness or insomnia. These interactions remained significant in multivariable models (eTable 1 in the Supplement).
Generalized linear models with binary distributions were constructed that allowed comparison of the effects of each sleep symptom with vs without eczema on FBJI. Adults with fatigue and eczema had higher odds of FBJI compared with those with fatigue alone (aOR, 1.59; 95% CI, 1.16-2.19; P = .004). Similarly, the odds of FBJI were higher in adults with eczema and daytime sleepiness or insomnia compared with those with daytime sleepiness or insomnia alone ( Table 3) .
Associations Among Eczema, PBDs, and Injury
In univariate models, eczema (OR, 1.99; 95% CI, 1.52-2.61) and at least 1 PBD (OR, 3.16; 95% CI, 2.63-3.79) (P < .001 for both) were significant predictors of any injury. In models of interaction among eczema and at least 1 PBD, eczema (OR, 1.27; 95% CI, 1.11-1.46; P < .001) and PBDs (OR, 1.72; 95% CI, 1.50-1.98; P < .001) alone were associated with any injury; those with both eczema and PBDs had higher odds of any injury (OR, 2.15; 95% CI, 1.63-2.84; P < .001). Similar interactions were found between eczema and PBDs when FBJI was the outcome. In contrast, eczema alone was not associated with other injury (OR, 1.13; 95% CI, 0.86-1.50; P = .38). Psychiatric and behavioral disorders with 
Association Between Other Skin Problems and Injury
Because associations with injury may be present in other skin diseases and not specific to eczema, we tested the association between other skin problems and injury. Other skin problems were not associated with any injury (OR, 1.37; 95% CI, 0.96-1.93; P = .08), FBJI (OR, 1.29; 95% CI, 0.91-1.83; P = .15), or other injury (OR, 1.74; 95% CI, 0.87-3.49; P = .12) in multivariable models.
Association Between Eczema and Cause of Injury
We examined the association between eczema and various causes of injury as determined by a separate questionnaire focusing on medically attended injuries in the past 3 months. In multivariable models, eczema was not significantly associated with specific causes of injury ( Table 4) .
Discussion
Using a US population-based cohort, we demonstrated higher prevalences of FBJI and other types of injury causing limitation among adults with eczema. These associations remained significant after controlling for the effects of comorbid atopic disease and PBDs, suggesting a specific association between adult eczema and an increased risk of injury. Eczema was associated with higher odds of FBJI for all individuals 30 years or older, with the largest effect at ages 50 to 69 years. Significant interactions were observed between eczema and fatigue or sleep symptoms, such that adults with eczema had an increased risk of injury above and beyond the presence of concurrent sleep disturbance or fatigue. In addition, adults with both eczema and fatigue or sleep symptoms had higher rates of FBJI compared with those with eczema or fatigue or sleep symptoms alone. Similarly, adults with both eczema and PBDs had higher rates of FBJI compared with those with eczema or PBDs alone. These interactions suggest that adults with more severe eczema accompanied by sleep and PBD comorbidities are at particularly higher odds of FBJI. The results of this study are consistent with a recent study 6 from the National Survey of Children's Health among 27 556 individuals aged 0 to 5 years, which found that children with eczema, asthma, hay fever, and food allergies have a higher risk of injury requiring medical attention. Other studies have demonstrated an association between adult asthma and injury risk. A large population-based cohort study 23 of individuals with asthma aged 6 to 30 years demonstrated that adults in the cohort had increased odds of injury compared with those without asthma. A study 24 of the 2001 and 2004 Australian National Health Survey among 37 419 adults similarly found a higher prevalence of injury among adults with a history of asthma. However, our study is the first to our knowledge to demonstrate an increased risk of injury, particularly FBJI, in adults with eczema. A 2009 study by Haeck et al 22 found that approximately one-third of adults with moderate to severe AD have low BMD as measured by dual-energy x-ray absorptiometry. Diseases characterized by chronic inflammatory states, including rheumatoid arthritis, systemic lupus erythematosus, and inflammatory bowel disease, are associated with bone loss and skeletal remodeling. 20, 21 It is possible that the chronic inflammation in adult eczema similarly predisposes to bone loss and increased fracture risk, especially given that eczema cases persisting into adulthood are more likely to be severe. In addition, chronic systemic (and perhaps topical) corticosteroid use may contribute to impaired BMD and increased fracture risk. Atopic comorbidities, such as asthma, may further compound the increased risk of fracture in adults with eczema. Longterm corticosteroid therapy in individuals with asthma is associated with decreased bone density and an increased risk of rib and vertebral fracture. 32 Recent systematic reviews and metaanalyses of adult asthma demonstrated a slightly increased fracture risk associated with the use of high doses of inhaled corticosteroids. 33, 34 We demonstrated an increased risk of FBJI after controlling for asthma, hay fever, and food allergies, suggesting that comorbid atopic disease does not fully account for the increased risk of fracture among adults with eczema.
In the present study, we demonstrated significant interactions among eczema, fatigue, and sleep symptoms, such that adults with both eczema and sleep disturbance had higher rates of FBJI than those with eczema or sleep disturbance alone. Furthermore, eczema conferred additional risk of FBJI compared with fatigue or sleep disturbance alone. Previous studies [7] [8] [9] [10] [11] demonstrated high rates of sleep disturbance in adults with eczema. In particular, eczema seems to result in lower sleep quality, decreased overall sleep efficiency, and increased daytime dysfunction. 7 Sleep deprivation leads to lapses in cognitive performance, motor function, working memory, and higher executive functions, and these neurocognitive deficits seem to accumulate over time in chronic sleep deprivation, 35 as may be experienced in adults with eczema.
We found that sleep symptoms alone do not account for the increased risk of injury among adults with eczema; other factors, such as sedating antihistamine use or psychological comorbidity, likely have key roles. We demonstrated significant interactions between eczema and psychological comorbidity, such that adults with eczema and PBDs had a higher risk of injury compared with those with eczema or PBDs alone. These data suggest that comorbid PBD modifies injury risk but does not completely account for the increased risk of fracture in adults with eczema. We recently found that the association between childhood allergic diseases (including eczema) and injury requiring medical attention was partially mediated by PBDs. 6 Psychiatric diseases in adults are characterized by prominent cognitive deficits, including impairments in attention, reaction times, short-term memory, and overall executive function, [36] [37] [38] all of which may predispose to injury. The results of the present study demonstrated that the prevalence of FBJI among adults with eczema increases gradually with age, peaking at ages 50 to 69 years and decreasing thereafter. In comparison, the injury rate increased almost linearly with age in adults without eczema. Epidemiological studies 39-41 among general populations demonstrate that fracture risk increases steadily with age in female individuals and increases steadily after age 70 years in male individuals. This finding suggests that eczema may be particularly harmful for injury risk in middle age. Larger studies are needed to confirm these associations and more precisely identify risk factors. The strengths of this study are several. These include that it is prospective, US population based, and large scale with a diverse sample controlling for multiple confounding demographic variables in multivariable models.
However, the study has potential limitations. The survey question for FBJI was broad, including multiple causes of injury. Furthermore, we were unable to measure the prevalence of all injuries because the survey question in the National Health Interview Survey assessed injuries causing limitations. Nevertheless, we find this survey question to be a meaningful measure, preferentially selecting for injuries that interfere with daily functioning and affect quality of life. Despite the large number of participants in this study, the sample sizes for specific causes of injury analyses were small. Therefore, the nonsignificant association between eczema and various causes of injury may be owing to decreased statistical power. Larger studies are needed to confirm the increased risk of fracture and other injury. Eczema history was assessed by self-report on the questionnaire using a broad question that assessed for eczema and skin allergy and was not verified by physical examination. While self-report of eczema has been previously validated and shown to have good correlation with clinical examination, 42, 43 those investigations used different wording to assess for self-report of eczema and were conducted in different patient populations. We believe that the question used in the National Health Interview Survey is a reasonable proxy of eczema in adults because the population we have categorized as having eczema demonstrates a disease prevalence and comorbidity profile consistent with AD. This group of adults has a prevalence of eczema similar to that in another study 10 of the prevalence of AD in the United States using more strict criteria. Adults with a yes response to this question have a higher risk of asthma, food allergy, and hay fever consistent with AD. Finally, physicians in the United States, including dermatologists and allergists, often refer to eczema as a skin allergy; therefore, a diagnosis of skin allergy likely identifies adults with actual AD. The prevalence of the remaining conditions identified as a skin allergy most likely includes a predominance of irritant or allergic contact dermatitis. However, these disorders have significant overlap with AD, which makes it difficult to distinguish clinically and epidemiologically. Therefore, we do not believe this broad
